ABSTRACT. Heavy metals are one of the most hazardous pollutant in the water. There are many methods for heavy metals remediation such as precipitation, oxidation, reverse osmosis, ion exchange and sorption by reactive materials. Zeolite is one of reactive materials have been used for water remediation. Therefero, in this the capability of zeolite from Gedangsari District, Gunung Kidul Regency, Special Province of Yogyakarta, Indonesia, will be invetigated to remidiate contaminated water by selenium (Se) and Zinc (Zn). To answer this objective, several samples of natural zeolitic tuff were taken and charaterized. Laboratory experiment was done by batch test. The results showed that natural zeolitic tuff is an effective adsorbent of Se and Zn and holds great potential material to remove heavy metals in water. The sorption isotherms of Se and Zn confirmed to type of Langmuir or Freundlich isotherms.
INTRODUCTION
Nowadays, the world is facing water crisis due to lacking of clean drinking water and heavy metal are considered as one of hazardous pollutants, due to their toxicity, even at low concentration. Urbanization, industrialization and also mining activities are commonly recognized as the cause of environmental deterioration due to the release or leakage of heavy metal contaminant into the body of water (Wilopo et al., 2010) .The increasing level of heavy metals in natural water bodies poses a serious threat to living species including humans. The heavy metals, such as lead (Pb), zinc (Zn), copper (Cu), cadmium (Cd), Mercury (Hg), Arsenic (As) are major toxic pollutants and these poisonous substances are likely to infiltrate into unsaturated zone, leading to groundwater contamination.
In nature, some materials containing adsorption and natural ion exchange properties are capable of removing water contaminant. Most of these natural ion exchange materials are made up of crystalline aluminosilicates framework composed of (Si,Al)O 4 Tetrahedral with cation exchange properties (Koohsaryan et al., 2016) . Zeolite is one of the most popular materials contain natural ion exchange, and it has capable of removing contaminants have been investigated in a number of studies (Ozekmekci et al., 2015) .
Near Yogyakarta region, there is an area contain deposits of zeolite or zeolitic tuff (Widiasmoro & Wintolo, 2000) . This area is called Gedangsari District, Gunung Kidul, Yogyakarta. The occurence of zeolite is correlated with the weathering results of tuff formation existing on Kebo Butak and Semilir Fornation (Irien, 2011) . The zeolitic tuff occur on this area is consists of clinoptilolite, clay mineral (montmorillonite, chlorite), feldspar and quarts (Widiasmoro & Wintolo, 2000; Yuminti, 2005; Fatkhiandari and Warmada, 2011) and the XRF analysis of the zeolitic tuff show that SiO 2 is the dominan composition followed by Al 2 O 3 , CaO, FeO, Na 2 O, MgO, K 2 O (Idrus et al., 2008) . Some properties of zeolitic tuff in the research area are;densities are relatively low (1.34-1.74 gr/cm 3 ), water adsorption are wide range of values varying from 13.42 to 27.60 %, initial cation excange capacity (CEC) of natural zeolitic tuffs vary from 39.41 to 67.84 mg Na 2 O/100 gr zeolite and acidities (represented by pH values) are slight alkali with pH ranging from 7.3 to 8.3 (Idrus et al., 2008 ). An analysis of surface area by using Brunauer Emmet Teller (BET) method of this zeolitic tuff is found to be 72 m 2 g −1 (Wilopo, 2010) .
Due to its properties, some researcher have been tried to use the zeolite or zeolitif tuff from Gedangsari District to adsorb heavy metal of Cu and Pb in water (Wilopo, 2010; Buncheon et al., 2010) . The results show the zeolitic tuff from this area can become an effective adsorbent for Cu and Pb. However, question occur regarding the capability of the material to adsorb other kind of heavy metals. Therefore, on this research, selenium and zinc solution are become the target metals to be remove by the natural zeolitic tuff. Selenium is choosen as it has difference sorption behaviour with group of transition metals (ex. Zn, Pb) under common oxidation-reduction conditions (Eby, 2004) and this research attempts also to know the sorption behavior of those heavy metals by the zeolitic tuff material.
THEORETICAL BACKGROUND

Zeolite
The natural zeolites are large group of (cluster silicate) aluminosilicate minerals of a porous structure with valuable physiochemical properties, such as cation exchange, molecular sieving, catalysis and sorption (Wang & Peng, 2010; Ghorbanloo et al., 2015) . Most common natural zeolite is formed by alteration of glass-rich volcanic rocks (tuff). The structure of zeolite consists of three-dimensional framework of SiO 4+ and also AlO 4+ tetrahedral. The aluminum ion is small enough to occupy the position in the center of the tetrahedron of four oxygen atoms, and the isomorphs replacement of Al 3+ by Si 4+ raises a negative charge in the lattice (Erdeem et al., 2004) .
The use of natural zeolites for environmental applications is gaining new research interests mainly due to their properties and significant worldwide occurrence. Natural zeolites have advantages over cation exchange materials such as commonly used organic resins, because they are cheap, they exhibit excellent selectivity for different cation at low temperature, which is accompanied with a release of nontoxic exchangeable cations (K + , Na + , Ca 2+ and Mg 2+ ) to the environment, they are compact in size and they allow simple and cheap maintenance in the full-scale applications. The efficiency of water and wastewater treatment by using natural and modified zeolites depends on the type and quantity of the used zeolite, the size distribution of zeolite particles, the initial concentration of contaminants (cation/anion), pH value of solution, ionic strength of solution, temperature, pressure, contact time of system zeolite/solution and the presence of the other organic compounds and anions (Wang & Peng, 2010; Margeta et al., 2013) .
Sorption isoterm
Sorption processes include adsorption, chemisorption, absorption and ion exchange. Sorption is determined experimentally by measuring how much of a solute can be sorbed by particular sediment, soil and rock type either by batch test or column test. The capacity of a solid to remove a solute is a function of the concentration of the solute. The results of experiment are plotted on a graph, called an isoterm, that shows the solute concentration versus the amount sorbed onto the the solid (Fetter, 1999) . There are three kind of isoterm graph; linear sorption isotherm, freundlich sorption isotherm and langmuir sorption isotherm. Linear sorption isoterm, if there is a direct, linear relationship between the amount of a solute sorbed onto solid, q and the concentration of the solute, C e (Fetter, 1999) . The resulting linear sorption isotherm is described by the equation 1.
where, q is mass of solute sorbed per dry unit weight of solid (mg/kg), C e is concentration of solute in solution in equilibrium with the mass of solute sorbed onto the solid (mg/L), and
Freundlich sorption isotherm, if there is a non linear relationship/curvilinear relationship occur between q versus C e (Fetter, 1999) , and equation 2.
However the data can be linearized by use of the equation .3
Langmuir sorption isoterm, if there is also a non linear relationship occur between C * versus C. The solid isassumed to have a limited adsorption capacity qm. All the adsorption sites are assumedto be identical, each site retains one molecule of the given compound, and all sites areenergetically and sterically independent of the adsorbed quantity (Limousin et al., 2007) . The langmuir adsorption equation is expressed as equation 4.
A linear form this equation can rewrite as equation 5.
Heavy metals: Zn and Se
Heavy metals are those metals of atomic number 20 and greater. Heavy metals can be differentiated into three groups: (1) transition metals, Zn, Cd and Pb; (2) As and Se (metalloids) and (3) Hg (Eby, 2004) . For transition metals, including Zn, Cd and Pb, if they under most oxidation-reduction condition these elements occur in solution as divalent or trivalent cationic species. Arsen and selenium differ from the transition metals in that they occur in solution as neutral and negatively charged species under most oxidation-reduction condition in water.
In water, the factors that control heavy metals mobility are pH, Eh, the presence of organic compounds and the presence of suitable sorbates (e.g., Mn and Fe oxyhydroxides). For transition metals (e.g., Zn), at low pH, sorption is negligible, but when increasing pH, sorption becomes an important process. Because Se exist in solution as negatively charged species, sorption is increase with declining pH, and selenium tends to remain in solution under oxydizing conditions but removed under reducing conditions (Eby, 2004) .
MATERIALS AND METHODS
Materials and characterization
A total of six samples of natural zeolitic tuff were taken from Tegalrejo area, Gedangsari District, Gunung Kidul Regency, Special Province Yogyakarta (Indonesia) showed on Figure 1 . Non-crushed materials were used for mineralogical and chemical characterization such as XRD (X-ray Diffraction) and SEM (Scanning Electron Microscope) analysis. Results of characterization are described below.
The XRD analysis of the samples show the peaks of diffraction are belonging to clinoptilolite, mordenite and smectite, and also the other minerals including plagioclase and quartz (see Figure 2 ). The presences of mordenite are also well recognized by SEM analysis, illustrated by Figure 3 . respectively. Mordenite and clinoptilolite (zeolite minerals) are mostly characterized by needles/fibers structures as seen in Figure 3 . Based on the XRD and SEM analysis, it is proved that the material from Gedangsari district used on this research is not a pure zeolite minerals but zeolitic tuff materials. Futhermore, sorption capacity of the materials can be expected not only generated by zeolite minerals but also due to occurence of clay mineral's smectite.
Batch test
The sorption of heavy metal on natural zeolitic tuff was carried out by using batch method. For this test, the materials was crushed gently and sieved to get similar grain size of 1.18 mm and then dried in an oven at 60°C for 24 hours. Batch adsorption experiments were conducted by using five differences grams of zeolitic tuff (1gr, 5 gr, 10 gr, 15 gr and 30 gr) of adsorbent with 300 mL of solution containing with 7.67 mg/L Se adnd 7 mg/L of Zn). All solution contain of Se and Zn were shaking for 48 hours at 100rpm with constant 25 • C tempera- 
where C i and C f are the concentration of the metal ion in initial and final solution, respectively.
RESULTS AND DISCUSSION
Effect of time and amount of zeolitic tuff
to sorption capacity The sorption capacity of selenium (Se) on this research are shown in Figure 4 and Figure 5 . Based on Figure 4 , the graph suggest that the reaction time had strong impact to the efficiency and capacity of sorption process to remove Selenium (Se) in water. The result shown that the highest amount of zeolitic tuff (30 gr) reveals good capacity of selenium sorption. The sorption capacity can reach up to 95% during 48 hours from initial concentration. In the Figure 5 , it is clear that the heavier amount of zeolitic tuff put in, the more higher the concentration of selenium adsorbed to the zeolitif tuff. For example, 30 gr of zeolitic tuff with the initial concentration of Se in the water is 7.67 mg/L reveals after 48 hours only 0.38 mg/l left in the water. Almost similar result also seen for Zinc, as shown in Figure 6 ning of this experiment, it is hope that Se solution will behave differently compare to Zn. This because, according to the theoritical review, Se will commonly neutral and have negative charged species on alkali condition and Zn have commonly positive charged species. But the results show that both heavy metals showing similar pattern. It seem that on acid condition (which apply on this batch test), Se will act similar as group of trace metals like Cu, Pb and Zn. The change of pH on the solution is also measured on this experiment. The condition of pH at initial condition (time "0") is in the acid condition representing pH water condition for acid mine water, during shaking for 48 hours with zeolitic tuff, the pH of solution are increase with time from about 2.5 to near 6.0 (see Figure 8) . This information is also show that application of zeolitic tuff on "acid mine water" may also increase the pH of water not only adsorb the heavy metals content and this will very beneficiary. The buffering potential of zeolitic tuff may be comes from the dominated silicate group on this material.
Sorption isoterm
Result of the batch test for Se and Zn, both found to be fit with the langmuir sorption isoterm. Linearization of the langmuir isotermof experimental data (30 gr amount of zeolitic tuff) are shown in Figure 9 and Figure 10 . The linear relationship is very high as shown by value of R 2 near 1.0. By applying the langmuir isoterm formula as shown in equation 5 , the K d value of zeolitic tuff for both metals is about 20 ml/g and qm of about 0.06 mg/g (see Table 1 ). Based on the K d value, the retardation factor of zeolitic tuff can be estimated to be about 80 to 200 if we assume the bulk density ranges from 1.6 to 2.1 g/ml and the porosity ranges from 0.2 to 0.4. This value show that zeolitic tuff is an effective immobilization materia for Se and Zn. However, it should be bear on mind that this experiments were conducted under no competing ions. Application on different condition such as with competing ions (ex. Acid mine water) may revealed lower Kd and retardation factor.
The value of q m is 0.06 mg/g and this value represent the adsorption capacity of zeolitic tuff is good. Sorption capacity of zeolitic tuff to selenium is better compare to zinc. Higher sorption of Se than Zn probably due to differend charge species.
CONCLUSION
Natural zeolitic tuff from Gedangsari, Gunung Kidul are good sorbent for Selenium (Se) and Zinc (Zn). High capability to sorb the metal due to the presence of zeoilitic and clay minerals. The mechanism of Se and Zn immobilization onto zeolitetuff probablyis not only physical sorption onto zeolitic and clay mineralsdue high surface area but also cation exchange from zeolitic minerals.The adsorption isotherm was fit on the Langmuir isotherm with the maximum of Se removal is 0.064 mg/g for Se and 0.058 mg/g for Zn, respectively. Higher sorption of Se than Zn probably due to differend charge species. Therefore, zeolitic tuff from Gedangsari can be used as a reactive material for metal contaminated water especially by selenium and zinc.
